
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(H) EP 1 375 647 Al 



(12) EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 

(43) Date of publication: (51) , nt C l. 7 : C12N 5/08, A61 L 27/60, 

02.01.2004 Bulletin 2004/01 A61F2/10 

(21) Appfication number 02702424.9 _ . 

v 1 (86) International application number 

(22) Date of filing: 28.02.2002 PCT/ES2002/000087 

(87) International publication number 

WO 2002/072800 (19.09.2002 Gazette 2002/38) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl PR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 01.03.2001 ES 200100494 

(71) Applicants: 

, CENTRO DE INVESTIGACIONES 
ENERGETICAS MEDIOAMBIENTALES Y 
TECNOLOGICAS (CJ.E.M.A.T.) 
E-28040 Madrid (ES) 

p Centro Comunitario de Transfusion de 
Asturias-Cruz Roja Espanola 
33006 Oviedo (Asturtas) (ES) 
, Fundacion Marcelino Botfn 
39003 Santander (ES) 



(72) Inventors: 

, JORCANO NOVAL, Jose Luis 

E-28040 Madrid (ES) 

, LARCHER LAGUZZ1, Fernando 

E-28040 Madrid (ES) 

, MEANA INFIESTA, Arvaro 

E-33006 Oviedo (ES) 

, GOMEZ LLANES, Sara 

E^33006 Oviedo (ES) 

, DEL RIO NECHAEVSKY, Marcela 

E-28040 Madrid (ES) 

(74) Representative: 

Garcla-Cabrerizo y del Santo, Pedro Maria 
Oficina Garcia Cabrerizo, S.L., 
Vitruvio, 23 
28006 Madrid (ES) 



(54) ARTIFICIAL DERMIS AND PRODUCTION METHOD THEREFOR 



(57) 

ARTIFICIAL DERMIS AND METHOD OF 
PR EPARATION 

Artificial dermis (1) obtained from plasma with 
platelets (2) and human fibroblasts. The plasma with 
platelets (2) is obtained from the fractionating of 
total blood (4) from the patient (8) by light 
centrifugation, and the human fibroblasts (3) from a 
skin biopsy (5). Clotting is obtained by adding calcium. 

This artificial dermis (1) provides for the rapid 
growth of the keratinocytes (6) seeded on its surface 
to build an artificial skin (7) which can easily be 
transplanted. Large areas of artificial dermis (1) are 
obtained from a small skin biopsy (5) and minimal 
quantities of plasma with platelets (2), which being 
enriched with cytokines and platelet growth factors, 
strengthens the proliferation of the cells seeded, both 
inside and on the surface. 

The artificial skin (7) obtained can be used to 
treat major bum treatments, chronic skin ulcers, etc., 
or be used, by employing genetically altered cells, as 
a vehicle for gene therapy. 
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Purpose and field of application 

[0001] This invention refers to an artificial dermis made by plasma clotted in the presence of platelets, by 
adding calcium, and in which fibroblasts or other dermal cells are embedded. In turn, Keratinocytes can be seed on 
the surface of this artificial dermis, which makes it especially useful for the treatment of major burns, chronic 
ulcers, tests controlling sensitivity to different products, etc. By using genetically altered cells, it can be used 
as a vehicle for gene therapy. 

Background of the invention 

[0002] The skin is a tissue made up of two parts, the epithelium or external part and the dermis, or the 
internal part on which the epithelium is positioned. These two parts have clearly different characteristics. There 
is practically no extracellular tissue in the epidermis, whereas this component is dearly predominant over cells in 
the dermis. The skin is a tissue that can be reconstructed by tissue engineering techniques (Parenteau N, Sci Am, 
280: 83 - 84, 1999). In these techniques, in general, the cellular component is generated "ex vivo" by cell 
cultivation techniques. These techniques, starting with a small number of cells taken from a small skin biopsy, 
obtain a large number of cells in a short time. These "ex vivo" expanded cells can be used to build large areas of 
artificial skin. The extracellular matrix can not be produced by cell cultivation, but it is previously designed and 
manufactured outside the body. The extracellular matrix has to be capable of providing structures that facilitate 
the adhesion of the previously cultivated dermaJ cells and stimulating the normal growth of these cells. On this 
artificial matrix, the cells begin to manufacture the normal proteins that make up the natural dermal matrix, and at 
the same time, they slowly degrade the original structure, so that over time this artificial matrix is replaced by a 
true extracellular matrix completely similar to a natural one. The previously cultivated epithelial cells 
(Keratinocytes in the case of skin) can be seeded on this artificial matrix, where with new cell cultivation 
techniques, these cells are capable of generating a structure that is very similar to the norma! epithelium from 
which they originated. In other words, one of the key factors in skin tissue engineering is the design of dermal 
matrices that imitate the body's natural conditions as much as possible, and where the cells introduced are capable 
of starting a complex process, the purpose of which is to develop a structure as similar as possible to natural 
skin. The other key factor in skin tissue engineering is the capacity of the dermal matrix to facilitate the growth 
of the cells that are seeded on it The development of dermal matrices that encourage the growth of both dermal and 
epidermal ceils would mean that it would be possible to cultivate large areas of artificial skin from a minor 
biopsy. This is especially important when the artificial skin is for treating major burns, where up to 90 - 95% of 
the body's total surface area has to be replaced as quickly as possible, using the small areas of health skin that 
remain on the patient. The lack of dermal matrices capable of generating these large areas of artificial skin from 
minor biopsies is one of the limitations of previously described dermal matrices (Sheridan R and Tompkins, Bums 25: 
97-103, 1999). 

[0003] There are several artificial dermis models. Some of the previously used models are described briefly below: 

Collagen type I of animal origin, since this is the most abundant of the proteins present in the dermis 
(Maraguchi T et at. Plast Reconstr Surg, 93: 537 - 544, 1994, Muhart et al. Arch Dermatol, 135: 913 - 918, 1999). 

Chondroitin sulphate (Boyce S et al. Surgery, 103: 421 - 431, 1988). 

Nylon associated or not to an impermeable Sylastic membrane (Naughton and Mansbridge, Clin Plast Surg, 26: 
579-586, 1999). 

Poly-la ctide/poly-glycolide (Giardino et al, J Trauma 47: 303 - 308, 1999). These polymers form a web that acts 
' as a structure where the fibroblasts take, grow and are capable of segregating normal dermal matrix proteins. 

Fibrin. This protein, the precursor of which, fibrinogen, is obtained from human plasma, has been used in 
different ways in the cultivation of keratinocytes. Fibrin provides a good base for the growth of epithelial 
cells, so this protein has been used as an inert support on which to grow cheratinocytes (Ronfard et al, Burns 17: 
181 - 184, 1991) (Sro/y et al, ES2060803). Fibrin does not interfere with the later development of a correct 
dermal/epidermal binding between the bed of the injury and the cultivated keratinocytes. Because of these 
characteristics, fibrin has been broadly used as a transport system for keratinocytes (Pellegrino et al. 
Transplantation 68: 868 - 879, 1999, Kaiser and Stark, Bums 20: 23 - 29, 1994). 

Fibrin and/or the gels made after the clotting of human plasma proteins have been used as a vehicle for 
transplanting skin cells previously expanded "in vitro" (Sadaki I, JP10277143). 

Fibrin can also be used as a dermal base for the production of large areas of cultivated skin (Meana et al, 
55 Bums 24: 621 - 630, 1 998). The fibroblasts embedded in fibrin gels are capable of growing. At the same time, 

these . fibroblasts act like authentic inducers of keratinocyte growth, so that platting a very limited number of 
cultivated keratinocytes on a gel made up of fibrin and fibroblasts, in 8 - 12 days we obtain a stratified 
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confluent epithelium that imitates the normal human epithelium. This capacity of fibrin gels for the development 
of epithelial cells has been used in another artificial skin model (Meana et al, P9701533). Moreover, fibrin can 
be used in the presence of other components that increase its rigidity and facilitate its use as a dermal support 
(Meana A. P9601684). This capacity of fibrin gels and fibroblasts to obtain large areas of artificial skin from a 
minor skin biopsy is lacking in models based on artificial dermis with other compositions. The explanation of 
this lies in the fact that fibrin-based gels are able to imitate the physiological wound-repairing mechanism 
(Martin P, Science 276: 75 - 81 , 1 997). 



[0004] However, the production of the dermal matrix based on fibrin concentrates is only an imitation of the 
physiological process. The true fibrin clot that Is formed as part of the tissue repair and defence mechanism is at 
the expense of blood plasma. There are many proteins in the extracellular blood fraction, and one of them, 
fibrinogen, is the soluble precursor of fibrin, the main but not the only protein in the clot. The leak of the 
plasma after the aggression of a tissue is one of the ways in which the entire clotting process is started. When the 
aggression occurs and the tissue products come into contact with the skin, the so-called extrinsic clotting pathway 
is activated, and the final result if the activation of the inactive thrombin precursor present in plasma. This 
thrombin starts converting the. fibrinogen into fibrin and eventually into soluble fibrin which, bound to blood cells, 
forms part of the fibrin clot, the first step in curing and later repairing a lesion to the body (Singer and dark, 
N Engl J med. 341: 736 - 746, 1999). Of the cells involved in forming the clot, special mention should be made of the 
platelets. These cells are an important deposit for cytokines, the substances responsible for initiating the cell 
response in the final repair process for wounds. Platelets are also involved in the development of the fibrin clot 
inside the veins. This is called the intrinsic dotting pathway, in which a stimulus provokes the development of 
platelet aggregation that will activate a series of plasmatic proteins that, in turn, will stimulate others by a 
cascade process mechanism. Finally, we will have the thrombin that will start forming the clot In both processes, 
extrinsic and intrinsic clotting pathways, the presence of free calcium ions is essential to complete their 
development, because some of these pathways' proteins depend on this ion to be activated. After the fibrin clot is 
formed from the blood plasma, the cytokines, initially released by the platelets, will attract other cells, such as 
macrophages, neutrophyls, etc., which will start to destroy the clot and replace this fibrinoid tissue by the normal 
tissue that existed prior to the aggression. These cells, in turn, will manufacture other cytokines that will 
maintain and control the response to the aggression. They will attract dermal fibroblasts and endothelial cells to 
the wound, which will complete the repair response. These new repairing cells will manufacture other cytokines that 
will attract epithelial cells to the wound to cover its entire surface. In turn, epithelial cells are capable of 
manufacturing many substances that provoke different cell responses in the underlying dermal cells. Epithelial cells 
also have a catabolic effect on the fibrin dot because they need to penetrate and eliminate it in order to re-coat 
the surface of the wound (Singer and Clark, N Eng J Med. 341: 738 - 746, 1999). Once the lesion has been covered by 
the epithelium, the curing process is complete. 

[0005] We can consider that the physiological repair of a wound is based on a fibrin clot rich in plasmatic 
cytokines, based on the fibrinogen dissolved in the plasma. This dot will start the body's primary repair response 
and will induce the nearby epithelial cells to migrate from the points closest to the wound and finally dose it. 
This repair process has limits, and when the injury completely destroys all the epithelial cells present (broad and 
deep bums), an amount of artifidal epithelium is required, either by means of grafts of cultivated keratinocytes, 
suspended keratinocytes or cultivated artificial skin, for the process to be completed (Navsaria et al TIBTECH 13* 
91 -100,1995). 

[0006] If the origin of wound repair is in the fibrin dot from plasma, it is possible for an artifidal skin 
model based on the use of human plasma as the primary source of the extracellular matrix to be highly effective and 
provide extraordinary encouragement for cell growth, since it reconstructs the physiological conditions of the 
body's wound repair process. 

Description of the invention 

[0007] This invention describes the development of an artificial dermis based on the use of human plasma as the 
fundamental basis for the extracellular matrix. This human plasma is obtained by primary fractionating of total 
blood, and indudes platelets in its composition. The previously cultivated dermal fibroblasts are re-suspended in 
the plasma, and after dotting this produces an artifidal dermis. The "ex vivo" expanded keratinocytes will later 
be seeded on this artificial dermis. On this artifidal dermis, the keratinocytes show a similar behaviour "in 
vitro" as in "in vivo" in the wound repair process. They adhere, migrate and grow in such a way that, from just a 
few cells, in 8 - 12 days they cover the entire surface of the plasma gel and form a stratified epithelium. The final 
result is that from a small initial number of cells, days later we obtain a tissue composed of two parts, one upper 
part of stratified epithelial cells and one lower part consisting of an extracellular matrix densely populated with 
fibroblasts. 

[0008] These gels can be prepared for transplantation using the previously described technique (Meana et al, 
P9701533) and fixing them to a solid support, so that they can potentially be used to treat skin injuries. Using a 
larger than normal amount of gel, these gels can be used without fixing to a solid support, which reduces their 
handling difficulties even further and decreases the final cost. The transplantation of this artifidal skin in 
experimental animals shows that it is capable of taking when placed on a wound, and that it also develops all the 
layers normally seen in mature human skin, including the stratum corneum. The studies conducted to date also show 
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that the epithelisation lasts for the entire animars life-span. These experimental results imply that this 
artificial skin can be used in the definitive epithelisation of patients with burns. 

[0009] The accessibility of the materia! employed in this dermis, and its simple manipulation, implies an 
important reduction of the final cost of the product, which has been one of the factors that has restricted the 
massive use of cultivated skin in therapy (Philips T J, Arch Dermatof 135: 977 - 978, 1999). 
5 [0010] The artificial dermis that is the subject of this invention consists of a gel produced by human plasma 
dotting in the presence of platelets, to which cultivated human fibroblasts have previously been added. The 
clotting is the result of adding calcium salts. Alternatively, it can be produced by the transformation of the 
fibrinogen contained in the plasma by exogenous thrombin and Ca ++ ions. 

[0011] Depending on the concentration of fibrinogen in the gel, this clotting can take place in the presence or 
not of agents that act as anti-fibrinolytics, and their addition is recommended when the fibrinogen is less than 2 
10 mg/ml of gel. 

[0012] The plasma is obtained by light centrifugation of total blood extracted by vein puncturing in the 
presence of anti-clotting agents, preferably agents that chelate the calcium ion. The plasma can also be extracted 
by plasmapheresis. 

[0013] Keratinocytes can later be seeded on this gel based on plasma and cultivated fibroblasts. These cells, 
15 platted at a low density on the surface and cultivated for B - 12 days, in the presence of one of the different 
media that are used to grow keratinocytes, grow and are capable of forming a stratified epithelium. This skin, 
consisting of the pi as ma/fibro blasts gel and the autologous cultivated epithelium, could be used in the definitive 
epithelisation of major bum patients. It could also be used with a donor's epithelium as a temporary coverage for 
bums, or as therapy for chronic skin ulcers. This cultivation system can also be applied to other human epitheliums 
other than skin, generating other epithelial tissues such as oral mucosa, vesicular mucosa, etc. 
20 [0014] This prototype could be transplanted to a wound, take and ep'rthelise the injury. 

[0015] This type of gel may need to be fixed to a solid support to enable it to be used for transplantation. 
This support could be a gauze, steeped in vaselin or not. The gauze can be fixed to the gel by an inert inorganic 
glue of clinical use or another mechanical system. A silicone membrane can also be used as a support, in which case 
it could be fixed by an organic glue such as fibrin. In the latter conditions, this kind of gel can be used without a 
keratinocyte layer to temporarily cover skin injuries, providing them with a dermal base. 
25 [001 6] The advantages of human plasma and fibroblast gels are as follows: 

, The raw material is easy to obtain. The plasma is produced from total human blood extracted by vein puncturing, 
normally in the presence of a chelating calcium. Only centrifugation is required to obtain plasma from total 
blood. Human plasma can also be obtained from total blood using the apheresis procedure. 

30 

, They ensure rapid keratinocyte growth. The fibroblasts grow rapidly inside the plasma gel and they are capable 
of increasing keratinocyte growth, even when the fibroblasts are at an extremely low concentration initially. In 
plasma and fibroblast gels, these ceils grow secreting substances that makes them authentic feeder cells, 
stimulating and controlling keratinocyte growth. With the cultivation of keratinocytes on this type of gel, it is 
possible to produce a greater total area of cultivated skin than by using the methods described to date, just 3 
35 to 4 weeks after performing a biopsy. 

, The gel does not retract or reduce its surface area and total volume in the first 30 days of growth. 



t The possibility of replacing the dermal fibroblasts by cells of another origin. In the gels made from plasma, 
40 the function of the fibroblasts can be replaced by other cells. The mesenchyme stem cells that are found in bone 

marrow (Young et al. J Ortho Res 16: 406-413, 1996) can act like fibroblasts when they are embedded in these 
gels. Other cells that can also increase keratinocyte growth are endothelial cells. The use of dermal cells from 
different regions other than the skin is a new alternative, particularly for major bum patients, where the 
availability of skin to start cell growth is seriously limited. 

45 , The possibility of starting the clotting without adding an exogenous starter protein (bovine or human thrombin). 

Human plasma, unlike fibrinogen concentrates, has all the components of the clotting cascade, including the 
thrombin that is present in the form of its precursor (inactive), prothrombin. The clotting, and therefore the 
production of the artificial dermis, can be performed using exclusively the intrinsic pathway, by the addition of 
calcium and in presence of phospholipids of platelet origin (also present, as mentioned in the following section) 
. The use of this pathway for clotting means that there is no need for exogenous thrombin, which is required when 

50 working with fibrinogen concentrated. By the use of plasma in the presence of platelets, it is now possible, for 

the first time, for the origin of all the proteins in the artificial dermis to come from the patients to which 
the dermis will eventually be transplanted. 



f The enrichment of growth factors of platelet origin. In the gel produced by direct plasma clotting are present 
part of the growth factors and cellular adhesion molecules that are also present in fibrin gels. However, in gels 
produced by direct plasma clotting plasma, platelet cytokines are also present, since a fraction of these cells 
is always present after centrifugation. We can also enrich the platelet fraction of the plasma by modifying the 
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centrifugation parameters. The presence of platelets makes our dermis very rich in PDGF and TGF-B (Anitua E, Int 
Oral Maxillofac Implants 14: 529 - 535, 1999), both key factors in starting tissue repair (Marx et al, Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod, 85: 638-646, 1998). All this means that the gels produced from human plasma 
and platelets and populated with fibroblasts, preserve and increase the capacity of fibrin gels to obtain large 
areas of cultivated artificial skin in a relatively short time, which makes them suitable for keratinocyte 
cultivation to treat major burn patients. The cell growth both of the fibroblasts inside the fibrin and the 
keratinocytes seeded on the surface, is so important that it is possible to obtain sufficient cells for both the 
derma] and the epidermal component, from a minor biopsy. In other words, the cellular component of our artificial 
skin comes exclusively from the patient to whom ft will later be transplanted. 

f With the use of plasma, it is possible to produce stable gels at a very low fibrinogen concentration. The 
fibrinogen concentration required for the gel to maintain its integrity throughout the culture can be less than 
0.5 mg per thousand. Even at these concentrations, the gels made from plasma are stable, and they are not rapidly 
digested by the fibroblasts and keratinocytes seeded on them. Moreover, if they are associated to an anti- 
fibrinolytic product (aprotinin, tranexamic acid, epsyion-aminocaproic acid), the fibrinogen concentration can be 
even lower, so that from 2 - 3 ml of plasma, we can obtain up to 70 - 90 cm 2 of skin. The total plasma 
concentration could be reduced still further by associating the plasma gel to a solid stand (vicryl, polactic- 
polyglycolic acid, etc.). Another advantage of these gels (since there are minimal amounts of plasma per cm2 of 
gel) is that it is possible for the plasma used in the artificial dermis to come from the patient him/herself. 
The use of plasma from the patient him/herself, together with the absence of exogenous proteins in the dermis, 
plus the possibility of all the cells in the artificial skin coming from the own patient, is one of the new 
aspects of this invention, since it is possible, for the first time, to treat large burnt areas with artificial 
skin in which ait the components come from the own patient, that is the treatment of major bum patients with 
whole autologous artificial skin. 



[0017] Due to their biological characteristics, these gels can be used as a support for cells (fibroblasts or 
other cell species, including genetically altered cells, capable of producing proteins (endothelial growth factors, 
etc.) that are useful in different diseases. 

Brief description of the figures 

[001 8] 

Figure 1 shows a diagram of the operations required for the transplantation of skin to a major bum patient 
using the artificial dermis that is the subject of this invention. 



Detailed description of the invention 

[0019] Following is a description of how to obtain the main components of the dermal base. 

[0020] The plasma with platelets (2) is obtained from total blood (4). This is extracted by vein puncturing in 
the presence of an anti-clotting agent of clinical use, particularly an anti-clotting agent that acts by means of 
the chelation of the ionised Ca** concentration in total blood. The total blood (4) can be obtained in one of the 
bags normally used in haemotherapy or, for small amounts, from blood collected in small containers of the Vacutainer® 
type. The plasma with platelets (2) will be obtained by centrifugation at low speed to obtain a plasma very rich in 
platelets, or at high speed to obtain a product with a lower concentration of these cells. Once the blood has been 
centrifuged, the corresponding plasma fraction will be used directly to form the gel or be frozen at -20'C for 
later use. Before being stored, the plasma can also be treated with methylene blue to inactivate possible viruses if 
the plasma is not to be used in an autologous manner (obtained from the patient to be treated) 

[0021] The gel is made from the fibrinogen present in the plasma, either by the action of human or bovine 
thrombin and calcium ions, or exclusively using the prothrombin that is present in the plasma itself, by adding 
calcium, preferably in the form of calcium chloride to reconstitute the ionic calcium values that are spontaneously 
present in the plasma and which had been nullified by the sodium citrate of EDTA used as anti-clotting agents. 
Fibrin is the main structural component in the gel, but not the only one, because in this model fibrin is covalently 
bound to the plasmatic fibronectin. It is also important to point out that there are many other proteins in human 
plasma, albumin, globulins, growth factors, plasminogen, etc., which are involved in the gel's production and 
stability and in the growth of the cells that are cultivated in the gel. 
[0022] Human fibroblasts from several sources can be used: 

1) Homologous fibroblasts. Cultivated from foreskins obtained from phimosis operations and/or dermal fibroblasts 
from healthy adults. The patient or his/her legal representatives have to provide their consent. 

2) Autologous fibroblasts. Obtained from a skin biopsy (5) extracted from a patient (8), which will be used 
exclusively in the dermis to be implanted to the same patient 
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[0023] The gel is obtained as follows: 

[0024] On the one hand, the fibroblasts are re-suspended in a culture medium or a 0.9% sodium chloride solution. 
The volume of plasma is added to this solution, followed by the antMibrinolytic agent When this solution is ready, 
it is clotted in 2 different ways: 

1) Adding a 1% calcium chloride solution dissolved in 0.9% sodium chloride. 

2) Adding a thrombin (between 2 and 4 units) solution dissolved in 40 mM calcium chloride. 



[0025] The first method uses the clotting factors present in the plasma, which are activated by the presence of 
Ca. This Is a slow process that will eventually transform the prothrombin present in the plasma into thrombin. This 
protein will then act on the fibrinogen, transforming it into fibrin, and eventually, by the action of other 
clotting factors, into insoluble fibrin, the main structural protein in our dermis. 

[0026] The second alternative is to directly add the thrombin to the plasma, which speeds the process up a great 
deal. In counterpart, another protein of human or bovine origin is added to the product, with the consequent 
problems related to the possible transmission of diseases. 

[0027] The mixture is introduced into a cell culture dish and left for 30 - 120 minutes at 37°C until the ge! 
has formed completely. At the end of this time, the gel has become solid, and can be covered with a complete culture 
medium. 

[0028] The gels produced are stored for 14 days at most at 37*C in a 5% C0 2 incubator until they are used for 
cultivated keratinocytes. In normal cultivation conditions, these gels remain stable and adhered to the bottom of 
the dish, and no retraction or loss of volume is observed. 

[0029] If what is required is a complete skin (7) growth, the keratinocytes (6) obtained from a primary culture 
will be added to this dermal base. These celts can be cultivated in very different ways, in the presence of feeder cells, 
using media low in calcium or completely defined media (Myers at ai, Am J Surg 170: 75 - 83. 1995). The 
keratinocytes (6) produced with any of these systems can be used on this artificial dermis (1). 

[0030] Once the keratinocytes seeded are preconfiuent or completely confluent, the gels are ready for clinical 
use and they are prepared for transplantation. This can be done by fixing them to a support that will make it 
possible to transport the gel without losing any or breakage to the site of the transplant This fixing process will 
not be required for very thick gels. In general, when a large area of keratinocyte growth is required in a short 
time (major bum patients), small gels will be used, requiring a solid support (9) for transplantation. The cultures for 
other uses (chronic ulcers) can be handled and transplanted without this fixing process. The gels will be fixed to 
this solid support using an inorganic glue of clinical use, and applying minimal sutures. Once the culture is fixed 
to the support, it is separated from the bottom of the dish by hand. 

[0031] As a source of plasma with platelets (2), we use total human blood (4) extracted by vein puncturing in 
the presence of anti-clotting agents. 

[0032] If what is required is to obtain large amounts of plasma from a single donor, the extraction will be made 
using a 450 ml blood extraction bag containing an anti-clotting/preservative solution (SAG-ManitoI), normally what 
is called a triple bag set Once extracted, the total blood is centrifuged. If we need a plasma rich in platelets 
(PRP), centrifugation will be approximately 1500 ram for 5 minutes at 20°C). If we need a plasma less rich in 
platelets (PPP), centrifugation will be at approximately 2900 - 300 rpm for 10 minutes). After centrifugation, the 
resulting plasma is separated by normal fractionating of the blood bag. The plasma obtained can be used directly, 
making it virafly inactive by treating with methylene blue. This plasma can be preserved for at least a year at -20°C. 
[0033] If what is required is small amounts of plasma for small dermis areas, the total blood extraction will be 
performed with sterile vacuum tubes (of the Vacutainer® type) or other models of similar characteristics, using a * 
calcium chelator in saturated conditions (sodium citrate, EDTA) in the proportions recommended by the manufacturer, 
as an anti-clotting solutbn. Another kind of anti-clotting agent, sodium heparin, can also be used. Depending on 
whether PRP or PPP is required, centrifugation will take place at 160 g (PRP) or 400 g (PPP) for 10 minutes. The 
plasma fraction with platelets (2) is removed from the tube, attempting not to remove the red blood cells. To 
increase the plasma extraction yield, the pellet containing the rest of the cell fraction is then centrifuged at 
3000 g for 10 minutes. At the end of this operation, the plasma is removed and mixed with the supernatant obtained 
from the previous centrifugation. Since this culture system will normally be used in the production of dermis to be 
transplanted to the patient providing the blood (autologous plasma), methylene blue treatment is not necessary. 
[0034] Whichever method is chosen to obtain the total blood and separate the plasma, the fibrinogen dissolved in 
the plasma will be measured by a commercial method derived from the method initially described by Kraus (Multifibren® 
U, Dade Behring). 

[0035] Different lines of human fibroblasts (3) will be obtained from human foreskins obtained after programmed 
phimosis surgery or from a skin biopsy (5). The sample is collected in a transport medium (DM EM, 10% bovine foetal 
serum, 100 u/ml penicillin, 100 ug/ml streptomycin). In the laboratory, it is washed three times in sterile PBS and 
carefully cut into pieces. It is introduced into 30 ml of 0.05% tripsin - 0.02% EDTA solution while stirring at 
37°C. Every 30 minutes, the tripsin is collected and changed for fresh tripsin. The tripsin is neutralised by adding 
complete culture medium (DMEN, 10% bovine foetal serum). The operation is repeated until no more cells are obtained. 
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The celJs obtained are pJaced in a culture dish at a density of 100,000 cells per cm 2 of culture surface. The medium is 
changed every 72 hours until the cells are confluent. Upon confluence, these cells are tripsinated and secondary 
cultures are made in a proportion of two culture dishes for each culture dish in the previous phase. When the cells 
show a single layer of cells similar to the fibroblasts (3) part of them are frozen, using a common technique, and 
they are stored in cryovials in liquid nitrogen. The ideal passes for the use of these fibroblasts are between the 4 th and 
the 12 th . 

[0036J When human fibroblasts (3) from the same patient (8) are going to be used in the artificial dermis (1), 
we proceed in the same way. The patienrs (8) skin biopsy (5) will be processed as described in the previous 
section. Once the cells are obtained, part of them will be cultivated In DMEM 10% bovine foetal serum at a density 
of 100,000 cells per cm 2 . Trie corresponding subcultures will be prepared until we obtain a sufficient number of 
human fibroblasts (3) to manufacture the artificial dermis (1) that the patient (8) needs. 

[0037] The cultivated human fibroblasts (3) are tripsinated, counted and re-suspended in culture medium for 
immediate use in the artificial dermis (1). 

[0038] Once the basic materials are obtained, we proceed to manufacture the gel. 

[0039] The calculation provided in as used in the manufacture of a dermal base sufficient for a 75 cm 2 culture 
dish. For other dimensions, the same values will be used, reducing or increasing them in proportion to the surface 
of the culture dish. 

Preparation of the artificial dermis (1): 

[0040] A solution is prepared containing basically culture medium, 0.9% sodium chloride solution and human 
fibroblasts (3) (between 30,000 and 250,000 cells), rf necessary, the anti-fibrinolytic (10,000 U of aprotinin, 
between 5 and 20 mg of tranexamic acid or 200 - 300 mg of epsylon-aminocaproic acid) is added, and finally, 1 ml of 
0.04 M CI 2 Ca solution, in which between 2 and 4 IU of thrombin have previously been dissolved. When these 
components have been mixed, we add between 3 and 6 mi of plasma with platelets (2) (depending on the fibrinogen 
concentration). The final volume is completed to 15 ml with more or less sodium chloride, depending on the amount of 
plasma used. The solution is rapidly introduced into the culture dish, and distributed homogeneously over its 
surface. The dish is left in a C0 2 oven at 37° until the clotting occurs and the gel is polymerised. 
[0041] As an alternative to the use of exogenous thrombin, the gel can be prepared as follows: 
[0042] A solution is prepared containing basically culture medium, 0.9% sodium chloride solution and human 
fibroblasts (3) (between 30;000 and 250,000 cells), rf necessary, the anti-fibrinolytic (10,000 U of aprotinin, 
between 5 and 20 mg of tranexamic acid or 200 - 800 mg of epsylon-aminocaproic acid) is added, and finally 1 ml of 
1% C^Ca solution dissolved in 0.9% sodium chloride. Once these components have been mixed, the human plasma 
with platelets (2) is added. The final volume is completed to 15 ml with more or less sodium chloride, depending on 
the amount of plasma used. The solution is rapidly introduces into the culture dish and spread homogeneously over 
the surface. The dish is left in a C0 2 oven at 37° until clotting occurs and the gel is polymerised, with this method, 
the gel polymerises very slowly. 

[0043] The approximate final concentration of fibrinogen in the gel is between 0.4 and 2 mg of fibrinogen/mJ of 
gel. Although the plasma can be used in some conditions without being previously diluted with sodium chloride so 
the fibrinogen concentration could be as much as 4 mg/ml of gel. 

[0044] The initial concentration of human fibroblasts (3) in the gel can vary considerably. In general, a 
concentration of no less than 500 fibroblasts/cm 2 of geJ surface Is recommended, although it can be greater. An 
initial number of fibroblasts of over 4,000/cm 2 is not recommended, because with higher concentrations the gels tend to 
be digested by the 6 m -7 01 day of growth, and can not be processed for transplantation. 

[0045] The keratinocytes are seeded on this gel at an extremely varied density (between 1 ,500 and 1 5,000 cells/cm 
2 of dermis), depending on the amount of growth required. 

[0046] The keratinocytes (6) employed can be obtained from a primary culture from a skin biopsy (5) The 
cultivation of keratinocytes (6) on this gel can be done by any of the cheratinocyte cultivation systems described 
above, although the best results have been obtained with media supplemented with bovine foetal serum. 
[0047] When the keratinocytes are confluent or preconfluent, normally on the 8 m day of growth, the sheet is 
prepared for transplantation. The layer of artificial skin (7) has to be separated from the bottom of the culture 
dish, either directly or fixed to a solid support. Fixing to a solid support (9) is necessary when the gels are not 
very consistent (initial concentration low in fibrinogen, large areas, etc.), which means that their clinical use 
would not be possible without fixing them to a solid support This procedure consists of the following stages: 
[0048] The last culture medium is removed and the culture dish is opened. The gel Is covered with a steriie 
gauze (vaselin-coated or not), so that the gauze exactly covers the entire geJ surface. A scalpel is used to 
separate the sides of the gel from the culture dish. Once this manoeuvre has been completed, it will be fixed to the 
upper surface of the gel (the side where the cheratinocytes are) by the use of an inorganic glue (Cyanoacryiate 
Histoacryl®, Braum or another of similar characteristics). The cyanoacryiate will be used applying small drops to 
the edges of the gel and different drops of glue can be applied to the centre. Once the glue is dry, a spatula is 
used to separate the gel from the culture dish. The gauze helps to maintain the gel containing the dermal base and 
the upper layer of cultivated cheratinocytes in one piece. This prototype can then be transported, without losing 
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its integrity or breaking, for over 1 6 hours. 

[0049] Table 1 compares the basic characteristics of the previous technique and the artificial dermis that « 
the subject of this invention. 



TABLE 1 





PREVIOUS TECHNIQUE (Sadaki) 


INVENTION 


Platelets 


NO 


YES 


Thrombin 


YES 


NOT COMPULSORY 


Fibrinogen 


60 mg/ml 


0.5 - 2 mg/ml 


Fibroblasts 


50,000/cm2 


< 4,000/cm2 


Gel cultivation time 


22 h 


8 to 12 days 


Cellular growth in the gel 


MINIMAL 


YES 


Keratinocytes 


50,000/cm2 


1, 500-1 5,000/cm2 


Biopsy size 


X83 


X 1000- 5000 



Claims 



1. Artificial dermis (1) using a matrix obtained by clotting human plasma, characterised in that this clotting takes 
place in the presence of platelets by means of the action of calcium salts, and in that dermal cells are embedded in 

2. Artificial dermis (1) according to claim 1 .characterised in that thrombin is added during the dotting process. 

3. Artificial dermis (1) according to claim 2, characterised in that the thrombin is added in a concentration of 0.2 lU/mi. 

4. Artificial dermis (1) according to claim 1, characterised in that the calcium salts consists of 1% Cf 2 Ca in a solution 
of 1 ml for every 3 to 6 ml of plasma with platelets (2). 

5. Artificial dermis (1) according to claim 1 .characterised in that the plasma with platelets (2) suffers viral inactivation. 

6. Artificial dermis according to claim 1 .characterised in that a biocompatible polymer is added. 

7. Artificial dermis according to claim 1 .characterised in that the dermal cells are fibroblasts (3) . 

8. Artificial dermis according to claim 1 .characterised in that mesenchyme stem cells are used as dermal cells or 
other types of cells (endothelial, etc.). 

9. Use of an artificial dermis (1) according to claims 1 to 8. characterised by the cultivation of human keratinocytes 
on the surface to form an artificial skin (7) suitable for transplantation. 

10. Use of an artificial dermis (1) according to claims 1 to 8, characterised by the cultivation of other epithelial 
cells (oral, urogenital etc.) ^ on its surface to make up an artificial epithelium (oral mucosa, vesicular mucosa 
etc.) surtaole for transplantation. 

11. Method of obtaining an artificial dermis (1 Characterised in that it includes the following stages- obtainina 
plasma with platelets (2), by light centrifugation of the total blood (4) of a patient (8) and its subsequent 
freezing, cultivating dermal cells from a skin biopsy (5) using known methods, clotting the previousry de-frosted 
plasma with platelets (2), by adding calcium salts, to obtain a fibrin matrix, embedding dermal cells for 
example fibroblasts (3) inside the fibrin. ' 
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